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Background

1935 Yukawa

1940 A mesons
1943 not Yukawa particle

1947 fmesons (Lattes, Powell)
1951 450 MeV Chicago Synchrocyclotron
1951 - 1954 Pion appears to be the Yukawa particle

1951 Lee Teng - “Regenerative” extraction
1955(7) Al Crewe - Liverpool to Chicago



Fermi to Martin {1950):

“Young man - you are doing the most exciting thing in the world.
May [ join you?”

Pion - Proton Scattering Group:

E. Fermi, H. Anderson, D. Nagle, B Mantin, G.Yodh, M. Glicksman
{A. Lundby, E. Long, L. Slattery)

Syis S
78 MeV
110 MeV 120 MeV First Fermi - Metropolis
135 MeV 144 Mev Phase Shifis
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Fermi’s Streetcar
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the differential mttgring Cross sectiohs ave:

dﬂ(’i‘) = :
l A4 Hcﬂs.!? + |[—C sinf (2)
24k :?. 25k
=qayb, l:osﬂ+-:-,.=. cos', (2a)
w0 £ }:-t- rml +w-1-—z Em&[ @)
aa 9|2k
ﬂﬂ._:'}-ﬁ_ cosf+c_ cos, (3a)
ol 2 +-1-*@mwr AL paml
di 9 2k 2k 912¢%
= agt I cOs0+-¢p cOSY, (4a)
where & is the wave number in the c.m. system.
A=exp(Ziaf)—1,

B=2 exp(Ziag')+-exp(2iay") — 3,

Cw exp (2iey?) — exp (24a1),

N=A-42 exp(2if)*)—2,

Y=DB-4 exp(2i8)')4-2 exp(2i8;}) —6,
Z2=C+2 exp(2ifiy*) — 2 exp(2ig}),

P =-¥1[ _i}‘:‘:

Q=34B8—17,

RwmiC—=2%Z.

Note: T'=4 phase shifts are as; T=} phate shifts
are Sr-.
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F1c. 11. Phase shifts plotted versus relative momentum.
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F1c. 1. Phase shifts of the states of isotopic spin & plotted versus
the ene,rgy of the primary pmn for solution 1. For comparison,
values of the same phase shifts at lower energies are also plntted
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F1c. 2. Phase shifts of the states of isotopic spin 4 plotted versus
the energy of the primary pion for solution 1. Values previously
obtained at 120 and 135 Mev are also plotted.



Phase Shift Debate (1953)
Bethe: Field theory demands resonant state.

Fermi: Maybe so - but you can’t ignore a phase shift solution that fits
the data until you have other equally good solutions.
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Laocus B, XNG

Locus A+B

T16. 1. Phase shift solution at 125 Mev by the goemetrical method
of Ashkin and Vosko.
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Fi1G. 2. Pertinent points of the geometrical solutions at different

energies for an interpolation of the negative pion-proton scattering
data.
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Fi16. 1. Phase shifts of the states of isotopic spin  plotted versus
the en of the primary pion for solution 1. For comparison,
values of the sgame phase shifts at lower energies are also plotted.
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Phase Shift Debate (1953)

Bethe: Ficld theory demands resonant state.

=

Fermi: Maybe so - but you can’t ignore a phase shift solution that fits
the data until you have other equally good solutions,

Martin: {i}f o, za) Many solutions, several of them representing
resonant states.

Glicksman: @m = nnﬂ--::t,;ﬂa]&rfectly good resonant solution.

EBethe, de Hoffmann: Many solutions with all six S and P phase
shifts, choice on physics grounds appears resonant.



